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Abstract 
 
In Romania, mining has represented for many years an important branch of industry. The exploitation of mineral 
resources in this period was done in discrepancy with the sustainable development of areas where mines and quarries 
were located. So that, in Romania are many sterile dumps resulted largely from the activities of the extractive industry. 
In Alba County are 102 sterile dumps, according with The Local Agenda 21 - Local Plan for the Sustainable 
Development of Alba County, 2007 [14]. The sterile dumps exert negative impact on the environmental factors, 
especially on the soils that host the dumps. The minimization of the amount of material deposited in dumps and/or the 
ecological reconstruction of these sterile dumps are the necessary steps to be taken in order to achieve the sustainable 
development of mining industry. 
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1. Introduction 
 
The sterile dump is in fact a deposit of rocks, 
depleted in useful elements, resulted from mining 
activities related to exploitation of an ore. The 
storage of the sterile material in the form of piles 
leads to soil degradation.  
The European Union Directive 2006/21/EC 
[19], on waste management in the extractive 
industry (which amends Directive 2004/35/EC) 
contains the most important regulations on the 
management of sterile materials deposited in dumps 
and tailing ponds. In the Romanian legislation these 
Directive was transposed by H.G. 856/2008 
regarding the management of waste from extractive 
industries [22]. Thus, the mining wastes are defined 
as wastes resulted from mining of mineral resources 
(exploration, extraction, processing and storage). 
The management of mining wastes according to 
these legal regulations is provided by: 
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 Prevention and waste reduction; 
 Encouraging the mining waste recovery through 
recycling, reuse and regeneration; 
 Long-term storage in safe conditions. 
 European Union Member States have adopted 
various directives which would: 
 Set measures to prevent major accidents and the 
pollution of environmental factors (Directive 
2003/105/EC - Major accident hazards (Seveso 
II) [18], which amends Directive 96/82/EC); 
 Establishment of the emission limit values 
based on Best Available Technique (Directive 
2008/1/EC) [20]; 
 Sustainable development of mining industry in 
reducing environmental impact (Decision no. 
1600/2002) [17]; 
 Member States are obliged to recover or 
eliminate the mining waste without harm human 
health and/or the environment (Directive 
91/156/EEC on waste [15], which amends 
Directive 75/442/EEC, Decision 1996/350/CE, 
Regulation (EC) no. 1882/2003); 
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 Establishment of the criteria for approval of the 
acceptable types of wastes and the monitoring 
procedures for wastes disposal (Council 
Directive 1999/31/EC on waste management 
[16]). 
 Once Romania joined the European Union these 
regulations have required the transposition into 
the national legislation through numerous laws, 
government decisions and orders. Before 2000, 
mining in Romania was an important sector of 
the economy. As the consequence of these, 
numerous sterile dumps are found throughout 
the country. 
Nowadays, the uncontrolled deposition of 
sterile materials is a debate discussed globally. The 
finding of ways to rehabilitate the sterile dumps is 
the concern of many agronomists, environmental 
engineers and geological engineers. Particular 
attention is given to the sterile materials that could 
be used in fields such as ceramics industry, 
transport, etc.  
In this paper a case study on the two sterile 
dumps situated  near  the  mouth of  Mine  Larga  de 
 
 
 
Sus, Alba County, is presented. These sterile dumps 
have resulted from the exploitation of gold-bearing 
pyrite lenses located near Zlatna town (Alba). The 
sterile deposited here comprises material 
represented by quartz-andesites of different grains, 
and ore grains of different sizes with high content of 
metal sulphides. The unpleasant visual appearances, 
the changed geomorphology of the area where the 
sterile dumps are located, the formation of the acid 
drainage (ARD) are the main negative 
environmental impact exerted by the sterile dumps. 
 
1.Case study – Sterile dumps near the Mine 
Larga de Sus (Alba County) 
 
1.1.Geographical location 
The Zlatna mining perimeter is located in the 
depression with the same name, a morphological 
unit bordered by Trascău Mountains and Auriferi 
Mountains. The Mine Larga de Sus belongs 
geographically to Roatei Hill. The access to the 
gallery can be made by car on DN 74 Alba Iulia - 
Zlatna, then DC 113 Roatei Hill.  
 
 
Total view 
 
Close-up view 
Figure 1. Geographic location of Mine Larga de Sus 
 
 
1.2.Geological aspects of the mining exploitation 
Larga de Sus 
The mining exploitations Larga, FaŃa Băii, 
Haneş and Trâmpoiele are forming a mining field 
located in the south-east of the Zlatna - Stănija 
volcanic alignment. The most important ore bodies 
are the FaŃa Băii ore (tellurides) and Larga ore 
(gold-bearing pyrite). The ore bodies from Zlatna 
area are aligned among the classic ore type 
represented by porphyry copper roots above which 
the polymetallic vein mineralizations are developing 
[4]. The Mine Larga, called St. Peter and Paul [10], 
was the main access to the gold-bearing pyrite 
lenses quartered in the sedimentary deposits (fig. 2). 
The Mine Larga de Sus (case study) is located at 
761 m altitude on Ruzina Valley. 
The mineralization related to volcanic 
activity is of Au - Ag - Pb - Zn epithermal type (low 
sulphidation - rich sulphide) [11, 12]. The sterile 
material, extracted from the mine in the same time 
with the useful material, was stored in two dumps at 
about 80 m away from the mouth of the mine, which 
cumulate together about 50 tons covering an area of 
approximately 3.2 hectares [9]. The construction of 
dumps was done by the gravitational deposition on 
the slope of the sterile material, allowing the 
gravitational sorting, as follow: at the bottom of the 
dumps the material with large grain size, followed 
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by material with average grain size and finally, the 
fine grain sized material is submitted to the top of 
the dumps [2]. This construction involves a high 
instability of the dumps. Torrential rainfall carries 
the fine material from the top to the bottom of the 
dump.  
 
 
Figure 2. Geology of Zlatna – Stănija Basin (made after the Geological Map of Romania Zlatna Sheet, 1:50.000 [21]) 
 
The material stored in dumps from Mine 
Larga de Sus (fig. 3) contains both gangue (inert 
material) and pieces of ore with high content of 
pyrite (FeS) and other metal sulphides (reactive 
material). In aerial condition, metal sulphides, 
especially the pyrite and the marcasite, react with 
rain water that washes the dumps, a reaction that 
leads to the acidification of water. Under these 
conditions the stored material can be called mining 
waste.  
 
 
Sterile material total view 
 
Close-up view of an ore block  
Figure 3. Sterile material from the dumps located at Mine Mina Larga de Sus 
 
1.3.The negative impact on the environment 
induced by the sterile dumps 
In normal weather conditions, metal 
sulphides react with the water and the oxygen, 
giving rise to the acid rock drainage (ARD), which 
is characterized by low pH and is rich in metallic 
elements. The presence of the reactive material in a 
ratio of 0.5 - 1% is sufficient to generate the acid 
drainage. The rehabilitation of such sterile dump 
primarily involves the complex analysis of the 
specific conditions that control the generation of the 
acid drainage.  
Only then measures could be taken for 
buffer and isolate the reactive material from the 
oxidant factors [2]. 
 The oxidation reactions of pyrite, 
chalcopyrite, galena and sphalerite are described in 
scientific literature, as well by Damian [5]: 
  
Pyrite 
+−2
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 Galena (PbS) 
  424422342 +2+→51+++ SOHFeSOPbSOOOHPbSSOFe ,)(  (9) 
  4PbSO  - anglesite 
 Sphalerite (ZnS) 
  42442342 4+8+→++ SOHFeSOZnSOOHZnSSOFe )(   (10) 
  
From the solutions formed on the basis of the 
above reactions, the following substances can 
precipitate: iron hydroxide gel, anhydrous simple 
sulphates (Pb, Zn, Mn and Ca) or hydrated simple 
sulphates (melanterite and goslarite) [5]. 
 It is not ruled out the possibility that new 
mineral phases could be formed, like covellite which 
appears as a film on chalcopyrite. The alteration 
processes can also occur in case of the minerals 
belonging to inert material, especially feldspars [5]: 
 
Albite 
  32245222283 +4+→+2+2 CONaSiOOHOSiAlCOOHOAlSiNa )()(  (11) 
Microcline 
  32245222283 +4+→+2+2 COKSiOOHOSiAlCOOHOAlSiK )()(   (12) 
Anortite 
  38104422832 +→+2+ CaCOOHOSiAlCOOHOSiAlCa )()(    (13) 
  
  
 
 
The two dumps exert a negative impact 
through the depletion of the wooded area, the 
formation of acid drainage due to the interaction of 
the rain waters with the reactive material, by 
changing the course of Ruzina Brook, a negative 
visual impact being imprinted on the area. 
 
1.4.Possibilities for recovery or ecological 
restoration of the sterile material deposited at the 
Mine Larga de Sus 
Branda et al. [1] have presented a study 
concerning the recovery possibility of the sterile 
stored in Fetei Hill dump and those from the Rovina 
tailing pond (the Barza mining area, Hunedoara 
 
Figure 4. The lake formed at the bottom of the 
 two sterile dumps 
          The formation of clay minerals (kaolin) can 
have adverse effects on the instability of dumps, 
according to Damian F. (2003) [5]. 
At Mine Larga de Sus there is a lake 
formed at the bottom of the two dumps (fig. 3). 
The lake was formed by blocking the Ruzina 
Brook riverbed (which flows near dumps) by the 
material stored here. The acid mine drainage 
(AMD), which flows freely from the mine, and the 
rain water that washes the dumps are repeatedly 
accumulated in this lake. The red colour is due to 
the presence of iron hydroxide. 
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County). The sterile and tailing materials stored here 
include strongly altered quartz-andesites and metal 
sulphides, being similar to the sterile deposited at 
Larga de Sus. The sterile recovery can be done by 
leaching from which free gold results or by 
amalgamation when gold and silver bearing pyrite 
concentrates can be obtained. The other resulted 
minerals from these operations can be exploited as 
inorganic pigments for paints, in ceramic industry, 
as additives in the manufacture of adhesives or 
plastics. Recovery of metals from metal sulphides 
deposited on dumps is a method supported by Bud 
and Duma [2], because the reactive material 
becomes inert. 
The study carried out by Duca V. and M. 
Duca [8] highlighted the possibility of using altered 
andesites collected from the dump at Roşia Poieni 
(Alba County) as a raw material for obtaining the 
construction stoneware. The sterile from Roşia 
Montana could be successfully used in the 
production of vitreous type ceramics [7].  
Both the sterile from Roşia Poieni as that 
from Roşia Montana are represented by quartz-
andesites.   
The sterile material (inert material) can be 
used as fillers in various geotechnical works: forest 
roads, access roads in areas with low traffic, etc. [2]. 
 The pyrite-rich sterile from a copper mine 
from Portugal was used as an amendment for highly 
calcareous soils. According to the research the 
surface waters have not been polluted [3]. 
Bud and Duma [2] suggest that the vegetation 
of dumps must be the last alternative, after it was 
determined that the recovery of the sterile material 
is impossible by other methods. The plantation of 
the vegetation on sterile dumps is a complex method 
that involves arranging narrow berms and adverse 
slopes, the isolation of the reactive material, the 
construction of a drainage system, establishing the 
type of vegetation that will be fixed on the surface 
of the newly formed slope.  
The mixtures of plants used for the 
reconstruction of a dump must include perennial 
grasses such as Bromus inermis, Poa pratensis, 
Phalaris arundinaceae, Agrostis stolonifera, 
Cynodon dactilon [9]. These plants withstand wind 
conditions when they could be covered with a thin 
layer of sterile. The vegetation by forest is usually 
applied on dumps with a slope greater than 5% [6]. 
Good results were obtained when top soil, 
manure, calcium carbonate and zeolite materials 
where used as amendments for a sterile material 
collected from the Valea Mică tailings pond - Zlatna 
(Alba). Acidophyl species, like Melilotus albus and 
Agrostis capillaris, have been cultivated on this soil 
[13]. The dumps slopes of the Mine Larga de Sus 
were spontaneous covered by the surrounding tree 
species (fig. 5).  
 
 
April 2010 
 
June 2010 
Figure 5. Young trees spontaneously grown on slopes of the dumps from Mine Larga de Sus. 
 
2.Conclusions 
 
No matter whether the sterile material 
stored in the form of the dumps is recovered or 
rehabilitated, it is indeed needed of a comprehensive 
analysis of this stored material. The analysis must 
include: 
 Making a real mapping of the sterile dumps; 
 Studying the climate and weather conditions of 
the area where dumps are located; 
 Analysis of the dump's physical stability by 
defining the safety coefficient of slope and the 
gradient of the slope; 
 Study of local hydrological conditions; 
 Mineralogical study of the material stored in the 
dump; 
 Reactivity determination of the stored material; 
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 Studying the recovery possibilities of the 
material deposited on the dump; 
 Pedological studies; 
 Investigation of the vegetation in the 
surroundings of the dump. 
Cessation of mining at Mine Larga de Sus 
led to the spontaneous emergence of young trees on 
the slopes of dumps.  
The natural vegetation near the surrounding 
area of the dumps populates the slopes, leading to 
slope stabilization.  
 The material stored in the two dumps is 
represented both by reactive and inert material. The 
quantitative analysis in terms of reactive and inert 
material content could open new research aimed at 
exploiting these materials (fig. 6).  
 
The sterile deposited at the Mine Larga de 
Sus contains a significant amount of metal 
sulphides. The processing of the sterile by 
amalgamation and/or flotation leads to the complex 
recovery of the entire deposit. Thus: heavy minerals 
(magnetite, illite, zircon, apatite, and garnets) can be 
used as abrasive powders or may be sold as semi-
precious stones; quartz, feldspars, calcite, gypsum 
and kaolin can be used in the ceramics industry and 
sericite, kaolin and illite can be used as additives for 
plastics and adhesives. 
The raw sterile from the Mine Larga de Sus 
could be used as an amendment for the highly 
calcareous soil. 
The sterile processing for recovery can be 
achieved in minerals processing plants. But in 
Romania there are few such plants. Under these 
conditions the recovery of mining waste could lead 
to economic development in the Romanian old 
mining and industrial centres. 
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